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STEREOSELECTIVE SYNTHESIS OF &- AND ~ ~ ~ ~ s - B I C Y C L O  [6.3.0]
UNDEC-4-EN-I 0-ONES. EFFICIENT PRECURSORS OF 4-0X0-1,2- 
CYCLOPENTANE DIPROPANOIC ACIDS 
Coverdhan Mehta,* S .  Padma and K. Srinivas Rao 
School of Chemistry, University of Hyderabad 
Hyderabad 5001 34, India. 
ABSTRACT: Short syntheses of t i t le compounds from cheap, readily 
available cis, cis-I ,5-cyclooctadiene are described. 
Substituted cyclopentanones of well defined stereochemistry 
are very useful synthons in a wide variety of natural product synthesis. 
While %a'- and $6 disubstituted cyclopentanones I and 5 respectively, 
are quite readily accessible through the expedient of alkylations and 
conjugate additions, among other methods, entry into the B,B'-disubsti- 
tuted derivatives 2 requires more involved methodology. I 
2 - 3 - 
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1138 MEHTA, PADMA, AND RAO 
In connec t ion  with s o m e  ongoing p r o j e c t s  in our l abora tory ,  
w e  required cis-4a- and trans-4-0x0-I ,2-~yclopentanedipropanoic ac ids  
- 5a as precursors  for perhydroazulenes  6 and I as well as t r iquinanes 
8 and  9, respec t ive ly ,  S c h e m e  1. 293 - 
W e  descr ibe  h e r e  a s imple  and convenient  r o u t e  to 4a,b and 
5a,b f rom cheap ,  abundant ly  ava i lab le  CIS, cis- 1,5-cyclooctadiene 
- 10. Our synthesis  proceeds  t h e  in te rmediacy  of c i s - I1  and  trans-bi- 
cycle [6.3.0] undec-4-en- 10-ones 12, compounds of cons iderable  i n t e r e s t  
in the i r  own r ight .  4 
Scheme 1 
Our  s y n t h e t i c  r o u t e  to 4a,b from - 10 is  d e p i c t e d  i n  S c h e m e  2 
6 and involves  t h e  C r e e n e  cyc lopentanone  annula t ion  methodology 
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STEREOSELECTIVE SYNTHESIS 1139 
as t h e  key step. The c&-bicyclo[6.3.01 undec-4-en-10-one - 1 1 obtained 
in three  steps from lo, undergoes smooth oxidative cleavage of the  
double bond with ruthenium dioxide according to the  procedure of 
Sharpless7 to furnish the  desired cis-diacid 'ca. The diacid 4a with 
Scheme 2 
OR 
i) Ru02-NaI04 
CC1,+-CH3CN-H20 4 
ii) C H ~ N ~ - ( C ~ H ~ ) ~ O  
80% 
4. a. R = H - 
b. R = CH3 
Zn-CH3COOH 
30°, 3 h 
56% from 0 
0 
10 -
m 
13 -
14 
i2C03-DMF 
'OR 85% 
12 - 5. a. R = H - b. R = CH3 15 -
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MEHTA, PADMA, AND RAO 1140 
diazomethane is converted to dimethyl e s t e r  4b which is m o r e  con- 
veniently characterised.  The preparation of t h e  trans- series required 
t h e  generation of t h e  ring junction stereochemistry under thermo- 
dynamic control . In th i s  contex t ,  t h e  a,a-dichloro-cyclopentanone 
- 14 was f i r s t  dehydrohalogenated to t h e  a -chloroenone 15. Reduction 
of 15 with Li-liq NH3 furnished the  desired trans- bicyclic enone 
- 12 in good yield. Once  again ruthenium dioxide oxidation led to the  
trans-diacid 2 and was esterified t o  t h e  methyl e s t e r  2 for  full 
characterisation, scheme 2. 
8 
Experimental Section 
'H NMR and 13C NMR spec t ra  were  obtained on a JEOL FX- 
100 spectrometer.  All chemical shifts  a r e  reported in units re la t ive  
to Me4% in CDC13 solution. In t h e  13C NMR spec t ra l  d a t a  off re- 
sonance multiplicities a r e  given in parentheses. Infrared spec t ra  were  
recorded on Perkin-Elmer 293 spectrophotometer.  All  solvent ex t r ac t s  
were  washed with brine and dried over anhydrous Na2S04. Solvent 
was removed under reduced pressure on Buchi-EL rotavapor. 
10 , l  O-Dichlorobicyclo[6.2.0]dec-4-en-9-one( 13): 9910 A solution 
of freshly distilled trichloroacetylchloride (18 g, 0.1 mol) in 400 m l  
of dry e the r  was added over a period of 3 h to a vigorously s t i r red  
mixture  of 1,5-cyclooctadiene (50 g, 0.46 mol) and ac t iva ted  Zn-Cu 
couple (19 g) in 400 ml  of dry e the r  under a nitrogen atmosphere. 
The reaction mixture  was  fur ther  s t i r red  for 6 h. The  Zn-Cu couple 
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STEREOSELECTIVE SYNTHESIS 1141 
was filtered off and ether layer was washed successively with water, 
sodiumbicarbohate and dried. The solvent was removed and excess 
I ,5-cyclooctadiene distilled off under reduced pressure. Purification 
on silica gel column furnished the ketene adduct 1) ( I3  g, 60%) b.p. 
120°C/0.5 torr, IR (neat) 1800, 1650 an-'; IH NMRr6 5dcr(br,S,IH), 
3.88-332(m,lH), 3.2-2.8(m,lH), 2.6-1.8(m, 8H); 13C NMR6 196.73(s), 
130.3Hd1, 129.92(d), SS.O(s), 5838(d), 49.66(d), 24.17(t),25.36(t), 25.06(t), 
24.1 2(t). 
I I ,I l-Dichlorobicvclo c6.3.01 undec-4-en-lO-one(l4): To a solution of 
- 13 (3 g, 0.0137 moll in 3Oml of ether and a catalytic amount of 
methanol, was added an ethereal solution of diazomethane. The re- 
action mixture was kept at - 5°C for Ih  and excess diazomethane 
destroyed with a few drops of acetic acid. Removal of solvent fur- 
nished the crude compound & (3.3 g> which was used as such for 
the next reaction. 
c is-Bicycl0[6.3.01 undec-4-en-lO-one (11): To a vigorously stirred mix- 
ture of & (3.3 g) in 20 ml of acetic acid was slowly added 4 g of 
Zn powder. The reaction mixture was stirred at r.t. far further 3h. 
The solid residue was filtered off and excess acetic acid removed 
under reduced pressure. The residue was taken in ether and ethereal 
layer washed with water, sodiumbicarbonate and dried. Removal of 
solvent and purification on silica gel column furnished (1.26 g, 
56% from 1)), b.p. 100°C/l torr. IR (neat), 1740, 1660, 690 an-'; 
'H NMR, 6 5.8-5.4(m, 2H), 2.9-1.4 (m, 14H)I 13C 6 218.4O(s), 128.16(d), 
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1142 MEHTA, PADMA, AND RAO 
45.08(t), 38.98(d), 28.94(t), 27.59(t); Anal. Calcd for C l  IH160: C, 80.44, 
H, 9.83; Found: C ,  79.21, H,9.74%. 
c i s - 4 0 0 -  1 ,2-~yclopentane  dipropanoic acid (4a) and cis-4-0x0- 1,2-cyclo- 
pen tane  dipropanoic dirnethyl e s t e r  (4b). To a mixture  of compound 
- I 1  (0.159 g, 0.97 rnrnol) in 2 rnl of carbon tetrachloride,  2 rnl of 
acetonitri le,  3rnl of wa te r  and sodium periodate (900 rng, 4.2 mmol) 
was added rutheniurndioxide (6 rng, 0.045 rnrnol). The reaction mixture  
was vigorously st irred for  7h at  r.t. and diluted with 50 rnl of ethyl 
acetate and stirred for  45 rnin. The  reaction mixture  was f i l t e red  
through a ce l i t e  pad, and t h e  aqueous phase sa tura ted  with brine 
and ex t rac ted  thoroughly (20 rnl x 3) with e thyl  acetate. The combined 
organic e x t r a c t  was dried and removal of solvent furnished t h e  c rude  
diacid 5 (0.215 g). 
3 
3 
The to ta l  diacid 5 was dissolved in 10 rnl of methanol and 
a n  e therea l  solution of diazomethane was added to i t  at 0°C until 
a pale yellow colour persisted. The reaction mixture  was kept at 
0°C for  15 rnin and excess d iazomethane  destroyed with a f ew drops 
of ace t i c  acid. Removal of solvent and purification on silica gel column 
furnished t h e  d ies te r  4b (0.20 g, SO%), b.p. 150"C/0.3 t o r r .  IR (neat)  
1740, 720 crn-l; IH NMR: 6 3.66(s, 6H), 2.5 - 1.3(m, 14H); 13C NMR: 
8216.62(s) 172.84(s), 51.01(q), 42.38, 38.04, 31.64, 23.89. 
3 
1 I-Chlorobicyclo i6.3.01 undec-1,4-en-lO-one (15): A solution of t h e  
dichloroketone & (6.7 g, 0.028 rnol) and Li2C03 (9.6 g, 0.129 rnol) 
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STEREOSELECTIVE SYNTHESIS 1143 
in 180 ml  of dry DMF was vigorously st irred at 90°C under a nitro- 
gen atmosphere for  45 min. The reaction mixture was diluted with 
2 5 0  ml water  and ex t rac ted  with e the r  (50 mlx5) .  The e the r  ex t r ac t  
was washed, dried and concentrated to give an oil (5.4 g) which was 
chromatographed on silica gel column to furnish fi (3.7 g, 70% from 
(E), b.p. 14O0C/O.5 torr, IR (neat): 1720, 1610 cm-l; IH NMR: 6 5.9-5.4 
(m, ZH), 3.5-1.2(m,ll HI; I3C NMR: 6 199.49(s), 176.42(s), 132.92(s), 
128.86(d), 128.75(d), 41.97(t), 40.33(d), 35.28(t), 30.82(t), 25.42(t), 
24.95(t). Anal. Calcd for  CILHl3ClO: C, 67.18,HY 6-66; Found: C, 67.209 
H, 6.78%. 
trans-Bicyclo C6.3.01 undec-4-en-10-one (12): A solution of t he  mono- 
chloroenone 15 (1 g, 5.2 mmol) in 10 ml  of dioxane and 10 ml of 
e ther  was added over a period of 7 min to a solution of - 100 ml 
of ammonia containing lithium (0.65 g, 92.9 mmol). The solution was 
stirred for an  additional 10 min and then quenched with ammonium 
chloride. The ammonia was evaporated off and the  remaining mixture 
diluted with water and ex t rac ted  with e ther  (50 mlx3) .  The organic 
layer was washed, dried, and concentrated to yield a mixture of 12 
and some corresponding alcohol formed during the  reaction (0.885 
g). The total mixture obtained from the  above reaction in 7 ml of 
CHZC12 was added dropwise to a suspension of PCC (1.25 g, 5.8 mmol) 
and molecular sieves (3 g) in 5 ml of CH2C12 and vigorously st irred 
for  45 min at r.t. I t  was diluted wi th30  ml  of e ther ,  f i l tered through 
fluorosil and the  black residue washed with ether.  The combined 
f i l t r a t e  was concentrated and distilled ( - 10OoC/0.5 torr)  to furnish 
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t h e  pure compound 12 (0.705 g, 82%), 1R (neat)  1750, 1650, 720 cm-', 
'H NMR: 6 5.8-5.4(rn,2H), 2.7-I.O(m,14H); 13C NMR: 6 218.04(s), 
129.63(d), 47.14(t) ,  39.57(d), 35.87(t) ,  24.59(t); Anal. Calcd for 
C H I 1  16 
O), C, 80.44, H, 9.83; Found: C,  80.76; H, 10.33. 
trans-4-Oxo-l,2-~yclopentane dipropanoic acid (5a) and trans-4-0x0- 
1,2-cyclopentane dipropanoic dimethyl e s t e r  (5b): To  a mixture  
of compound 12 (0.620 g, 3.75 mrnol) in 7.5 ml  of carbon tetrachloride,  
7.5 m l  of acetonitri le,  11.3 ml  of wa te r  and sodium periodate (3.5 
g, 16.3 mmol) was added ruthenium dioxide (23 mg, 0.17 mmol). The 
reaction mixture  was vigorously s t i r red  for 9 h at r.t. and diluted 
with 100 ml  of e thyl  acetate and s t i r red  for  45 min. I t  was f i l t e red  
through a ce l i t e  pad and t h e  aqueous phase sa tura ted  with brine and 
ex t rac ted  thoroughly (25  rnl x 5 )  with e thyl  acetate. The combined 
organic ex t r ac t  was dried and concent ra ted  to furnish t h e  c rude  diacid 
- 5a (0.817 g). 
The to t a l  diacid (0.815 g) was dissolved in 20 ml  of methanol 
and an  e therea l  solution of diazornethane was added to it at 0°C 
until a pale yellow colour persisted. The  reac t ion  mixture  was kept 
a t  0°C for 15 min and excess d iazomethane  destroyed with a f ew 
drops of ace t i c  acid. Removal of solvent and fi l tration on silica gel 
column furnished t h e  t rans  diester (0.83 g, 85%), b.p. 15OoC/0.3 tor r ,  
IR (nea t )  1740 crn-l; 'H NMR: 6 3.56(s,6H), 2.6-1.4(m,14 H); 13C NMR: 
6 216.40(s), 173.37(s), 51.60(q), 44.50, 41.97, 32.46, 28.88; Anal. Calcd 
for C13H2005: C ,  60.92, H, 7.87; Found: C, 60.5, H, 7.98%. 
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